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ABSTRACT 

When linoleic acid or its esters  w e r e  h e a t e d  in the presence of valine 
a number of interaction products were f o r m e d .  T h e  major product 
w a s  2-pentylpyridine which is thought to be produced by the reac- 
t i o n  of 2,4-decadienal with ammonia. Also formed were two second- 
ary amides, isobutyloctanamide and isobutyllinoleylamidc. Addition- 
al interaction products found include alkylpyridines and alkylpyr- 
roles. The formation of these compounds is similar to the formation 
of 2-pentylpyridine. They can result by reaction of an aldehyde with 
an anainc or a m m o n i a  to  f o r m  a Schiff base intermediate, followed 
by cyclization and rearrangement to form either the pyridinc ring or 
the pyrrole ring. In addition, a branched nitrilc compound was pro- 
duced. This compound is considered to bc formed by cleavage of the 
pyridinc ring in 2 pcnrylpyridine. 

INTRODUCTION 

When lipids arc cxposcd to heat in the presence ~f oxygen, 
oxidative decomposition takes place. In complex s\stcms 
such as foods, the Iipids arc often present in close associa- 
tion with other food components such as proteins and car- 
bohvdratcs. Under these conditions, not only the different 
nutrients may interact with each other, but also the products 
resulting from thermal decomposition o f  o n e  nutrient can 
interact with those of another leading to the formation of a 
very complex decomposition pattern. 

In this work, thermal interaction oflipids and amino acids 
was investigated. Mixtures of valine with linolcic acid or its 
esters were chosen as model systems to simplify the decom- 
position pattern. 

EXPERIMENTAL PROCEDURES 

Materials 

Linoleic acid, ethyl linoleate and propyl linoleate were pur- 
chased from Sigma ('henaical ( 'ompany,  St. I,ouis. The pur- 
it.',' of these compounds as indicated by chromatographic 
analysis was better than 97%. I)l, \ 'al ine was also obtained 
from Sigma Chemical Company and its purity confirmed by 
paper chromatography. Reference compounds and reagents 
were purchased commercially at the highest purity available. 

Heat Treatment 

A 1.0 g sample of linoleic acid or linoleate ester and 0.2 g 
valine were placed in a 200-ml round-bottomed flask, fitted 
with ground glass stopper, and heated in a 250 C silicone oil 
bath for 5 hr with constant stirring. 

Analytical Techniques 

Collection of the volatile decomposition products was ac- 
complished by cold finger distillation as previously described 
(1). Distillation was done for 2 hr at 80 C in a vacuum (10 .3 
torr). The distillate was fractionated into polar and nonpolar 
fractions by washing the cold finger with 20 ml of pentane 
and mixing with 5 g of Florisil. Using a medium pore Buch- 
ner funnel, the Florisil was washed with 10 ml pcntane to 
yield the nonpolar fraction. The Florisil was then washed 
with eight lO-ml portions of pentane and extracted with 10 
ml of anhydrous diethyl ether. The ether extract consti- 
tutes the polar fraction. 

Both the polar and nonpolar fractions were analyzed on 

a Varian Model 1200 gas chromatograph (Varian, Palo Alto, 
(]A), equipped with temperature programming and flame 
ionization detector. The column used was: 500' x 1/16" od 
stainless steel Carbowax 20M capillary column. (Applied 
Science Laboratories, Inc., State College, PA). 

The nonvolatile decomposition products wcrc separated 
on .25 mm Silica Gel (; thin layer plates, using petroleum 
cthcr/diethyl ether/acetic acid 40:60:1 (v/v) solvent system. 
The sample was applied as a streak across the plate and the 
spot of interest removed, dissolved in ether, filtered through 
glass wool and concentrated for gas chromatography. The 
isolated component  was then analyzed on a 6' x 1/8" 10% 
SI(-30 column (llcwlctt  l'ackard, I'alo ,\lto, CA). 

Combined gas chromatography-mass spectrometry (GC- 
MS) was the primary technique used to identify thc com- 
pounds isolated. Comparison of mass spectra and'gas chrom- 
atographic retention times with those of authentic com- 
pounds was performed whcncvcr the appropriate authentic 
compounds wcrc available. l h e  mass spectra were obtained 
on the Varian Model 1200 g:ts chromatograph, coupled to a 
Perkin-l'~lmer llitachi Model R.Mtl-0,\ mass spectrometer, 
via a heated line and a Bicmann helium separator (both main- 
rained at 200 C). 

C h e m i c a l  T r e a t m e n t s  

A micro hydrogenation procedure was done using platinum 
oxide as a catalxst. Pentanc (150 ul) was added to ca..1 mg 
of platinum oxide and allowed to equilibrate under hydrogen 
gas at 20 psi for 15-20 rain. The sample was added and al- 
lowed to bubhlc for 40-50 rain. The preparation of methyl 
esters using l';[",-mcthanol re:~gc~lt was d~mc according to 
the method dest~'ribcd I}', Mctcalfc ct al. (2). 

RESULTS AND DISCUSSION 

Tahlc I lists the nonpolar decomposition products produced 
from the thermal interaction oflinolcic acid and valine, ethyl 
linolcate and valinc, and propyl linoleate and valine. Alt of 
the compounds listed with the exception of the alk.vlpyr- 
roles were identified in thermally oxidized linoleic acid, 
with no anaino acid present. Therefore, the alkylpyrroles 
represent unique interaction products. 

For the purpose of identification, mass spectra of the 
alkylpyrrolcs identified in this study were compared with 
those of 53 pyrroles reported by Budzikicwicz et al. (3) 
and two N-alkylpyrroles reported by Duffield et al. (4). The 
fragmentation of alkylpyrroles is described in detail by Por- 
ter and Baldas (5). Alkylpyrroles substituted at a carbon, 
rather than at the N-position, show a base peak at m/e 80. 
Itowever, we observed that the longer chain alkylpyrroles 
have the base peak at m/e 136 in addition to the significant 
ion at m/e 80. A trisubstituted pyrrole, 1,2 dimethyl-5-pro- 
pylpyrrole, also was identified. A homolog, 1,2-dimethyl-5- 
ethylpyrrole reported by Budzikiewicz et al. (3) showed an 
identical fragmentation pattern. In addition to mass spectral 
interpretation, hydrogenation of the alkylpyrrole com- 
pounds reported here was performed. No shift in retention 
time or change in mass spectrum was observed. 

Two routes for the formation of alkylpyrroles arc suggest- 
ed: (a) reaction of aldehydes with ammonia via a Schiffbase 
intcrmediate. Figure 1 shows the formation of 2-butylpyr- 
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TABLE I 

Nonpolar  Decompos i t ion  Products  from Thermal  
Oxidat ion of  Linoleate-Valine Mixtures  

Compound Linoleic Ethyl Propyl Identification 
acid linoleate linoleate GC MS 

Nonane S S -- a a 
1-Nonene S VS S a a,e 
Cyclopentylpropene S S -- d c,e 
Decane S . . . . .  a a 
Cyclopentylbutene S S S a a 
Undecane S S S a a 
Propylbenzene S S M a a 
2-Pentylfuran L S M a a 
1-Dodecene S S S a a,e 
2-Butylpyrrole M M VL d b 
Butylbenzene L S M a a 
1,2-Dimethyl-5-  

propylpyrrole -- S S -- b 
Pentylbenzene L S M d b 
2-Hexylpyrrole . . . . .  S d b 
2-Heptylpyrrole -- S L d b 
Pentadecadiene L L I. d b,e 
Hexadecadiene L S M d b,e 
2-Nonylpyrrole L VL L d b 
lteptadecane -- M S a a 
Undecylcyclohexene L M S d c,e 
Heptadecadiene VL M S d b,e 

a �9 �9 
bAgreed with authentic compound. 

Agreed with literature references. 
C ~llnterpretat~on only. 

Agreed with expected GC retention relative to other homologs 
e . �9 Confirmed by hydrogenation and GC/MS of saturated compound. 
S,M,L - relative peak size, small, medium, large. 

role from 2-octenal. Other aldehydes resulting from the oxi- 
dation of linoleic acid can account for the remaining alkyl- 
pyrroles found, in the same manner;  (b) a second pathway 
inw)lves the reaction of 1,3-butadiene with ammonia to 
form pyrrole (6). The alkylation of pyrroles in the presence 
of alkoxides was reported to proceed smoothly at tempera- 
tures of 200-220 C (7). This may also account for the for- 
mation of the trisubstituted alkylpyrrole in the ester inter- 
action, but not in the linoleic acid interaction. 

Table II lists the polar decomposition products produced 
from the thermal interaction of valine with each of linoleic 

H H 
~jN: �9 O- C-C-C- (CH2)4CH 3 

H H H H i i , 
H N- C- C- CICH2) 4 CH 3 
H " ! e  

C-C / \ /H  
C N / ~  �9 CH2CH2 CH2CH 3 

i 
H 

) HN �9 CH- CH- CH(CH2)4CH 3- H20 

1 
- C \  

C'/~N CICH2)3CH 3 

H" 

/ C -  C\ H 
C C" 

-> ~ N . /  \ %CH2CH2CH 3 

N ~ CH2CH 2 CH2CH 3 

FIG. 1. Formation of alkylpyrroles. 

acid, ethyl linoleate and propyl linoleate. Interaction prod- 
ucts included alkylpyridines, amides, imines, amines, alco- 
hols and a branched nitrile. 

From valine and linoleic acid, 2-butylpyridine, 2-pentyl- 
pyridine, 2-hexylpyridine and a branched chain 2-nonylpy- 
ridine were produced. From valine and ethyl linoleate, 2- 
pentylpyridine and 4-hexylpyridine were produced. From 
valine and propyl linoleate, 2-pentylpyridine was produced. 

The straight chain 2-substituted pyridines are easily dis- 
tinguished by a base peak at m/e 93. This is due to elimina- 
tion of an olefin molecule and a concomitant  McLafferty 
rearrangement. This mode of fragmentation can take place 
if a side chain of at least three carbon atoms is attached to 
the pyridine nucleus (8). 

The major interaction product formed from valine inter- 
action with linoleic acid and its esters was 2-pentylpyridine. 
The most probable route for its formation is by reaction of 
2,4-dccadienal, one of the major decomposition products of 
linoleic acid, with ammonia as shown in Figure 2. Other 
members of this series are probably produced similarly via 
the formation of Schiff base intermediates, followed by 
cyclization and dehydrogenation to form the stable aromatic 
pyridine ring. The formation of alkyl pyridines occurs to a 
greater extent in the interaction of the free acid than that of 
the ethyl or propyl esters. Conversely, it has been observed 
that the formation of alkyl pyrroles occurs to a greater ex- 
tent in the interaction with linoleate esters, rather than the 
free acid. floweret, it should be noted that alkyl pyridines 
are formed in larger quantity than the alkyl pyrroles and 
are, in fact, the major interaction products found in this 
study. 

Three amides were identified as interaction products: N- 
butyloctanamide,  N-isobutyllinoleylamide and N-isobutyl-N- 
propylpropionamide. For both secondary amides, the mass 
spectra show a base peak at m/e 115 due to the rearrange- 
ment ion formed by cleavage of the carbon-carbon bond 
to the carbonyl group, accompanied by transfer of a"),-hydro- 
gen. This is typical for secondary amides with an available 
7-hydrogen in the aJkyl chain (9). The molecular ion is 
prominent  in the mass spectra and constitutes the second 
largest fragment. The formation of secondary amides from 
fatty acids and fatty acid esters with a-amino acids at tem- 
peratures above 150 C has been investigated by Sims and 
Fioriti (10). The reaction involves decarboxylation of the 
amino acid and displacement of the alcohol moiety by the 
amine which is formed. Both secondary amides were formed 
in larger quantities from the interaction of valine with the 
fatty acid ester. Substi tution proceeds more readily with the 
hydroxide: ion than with the alkoxide ion, because hydrox- 
ide is a weaker base than alkoxide and, therefore, a better 
leaving group. 

For the tertiary amide, i.e., N-isobutyl-N-propylpropion- 
amide, the mass spectrum shows a prominent  molecular ion 
at m/e 171. The base peak at m/e 57 is due to cleavage of 
the nitrogen-carbonyl bond. These fragments are typical for 
amides which do not have a carbon atom 7 to the carbonyl 
(9). This compound,  found only in the interaction of the 
free acid with valine, is thought to result from the reaction 
of isobutylamine (formed from decarboxylation of,valine) 
with propanal to form the Schiff base which can react with 
propionic acid to give the tertiary amide (Fig. 3). This type 
of reaction also seems to depend on the basicity of the leav- 
ing group present. 

The two imine compounds, N-isobutylideneqsobutyla- 
mine and N-amylideneisobutylamine, resulted from the in- 
teraction of valine with propyl linoleate and ethyl linoleate, 
but  not  with linoleic acid. These imines have been previously 
identified by Lien and Nawar (11) from thermal decompo- 
sition of valine alonc. Suggested mechanisms involve the 
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react ion  of  an a ldehyde  with an amine  to fo rm the imine in 
a Sch i f f -base- type  react ion.  

Decad ienamine  was ten ta t ive ly  ident i f ied  f rom the  reac- 
t ion o f  valine with e thyl  and p ropy l  l inoleate  bu t  no t  with 
l inoleic acid. The  mass spec t rum p r o d u c e d  af ter  hydrogena-  
t ion was cons i s t en t  with those  of  al iphat ic  amines  (12). This 
c o m p o u n d  is p robab ly  fo rmed  also via a Schi f f  base inter- 
med ia t e  f rom the  react ion of  2 ,4-decadienal  with ammonia .  
This reac t ion  has a pa thway  c o m m o n  to the  f o r m a t i o n  of  2- 
pen ty lpy r id ine .  It has been observed in this s tudy  tha t  pyri- 
d ine  fo rma t ion  is grea ter  in the in te rac t ion  with the free 
acid than with the esters. In cont ras t ,  f o rma t ion  of  the diun- 
sa tu ra ted  amine  occurs  only in the in te rac t ion  o fva l ine  with 
l inoleate  esters.  These  react ions  appear  to  be compet i t ive ,  
because 2 -pen ty lpy r id ine  is also f o r m e d  in the  es ter  interac-  
t ion,  bu t  in smaller  quant i ty .  A possible  exp lana t ion  may 
be the react ivi ty of  the subs t ra te  and stabil i ty of  thc end 
p roduc t .  Linoleic acid is more  reactive than its esters.  2-Pen- 
ty lpyr id ine  is more  stable (due to its a romat ic  s t ruc ture)  
than the unsa tu ra ted  anainc. T h e r m o d y n a m i c a l l y ,  the pyri- 
dinc c o m p o u n d  would  bc more  faw)rable. I lowcvcr,  thc 
kinet ics  of  the react ion would  de t e rmine  which of  the com- 
pounds  was fo rmed  and to what  ex t en t .  

Two alcohols,  i sobutanol  and n-butanol  wcrc ident i f ied  in 
the in te rac t ion  of valinc with linolcic acid. lsc)butanol could 
bc p roduced  by the rcact ion of  i sobu ty lcnc  with a hydroxy l  
radical, n-Butanol  could be p r o d u c e d  by the react ion of  bu- 
ty lcnc  with a h y d r o x y  free radical. Both of  these alcohols  
were p r o d u c e d  in relatively small quant i t ies .  

T A B L E  II 

Polar Decompos i t ion  Products from Thermal 
Oxidation of  Linoleate-Valine Mixtures 

Conwound I.inolcic Ethyl Propyl hlcntification 
acid linolcatc linoleate (;C MS 

Ethanol --- 1. --- a a 
Ethyl formate L - . . . .  a a 
N-lsobutylidcnc-N- 

isobutylaminc --- L 1. --- b 
Pcntanal M VS --- a a 
Propanol . . . . .  L a a 
Isobutanol M . . . . .  a a 
I lexanal L S S a a 
n-Butanol S S S a a 
N-Amylidene-N- 

isobutylamine S L L -- b 
lteptanal S L L a a 
Pentanol L S S a a 
Ethyl heptanoate -- M --- d b 
2-1 leptenal M . . . . . .  a a 
Nitrile L . . . . . . .  c 
Ethyl octanoate --- VL -- a a 
2-Butylpyridine L . . . .  d b 
2-Undecanone M . . . .  d b 
Ethyl nonanoate -- VS --- d b 
Propyl octanoate . . . . . .  VL d b 
2-Pentylpyridine VL L L a a 
N-IsobutyI-N-propyl 

propionamide L . . . . . .  c 
Propyl nonanoate . . . . .  VS d b 
2-Hexy]pyridine M . . . . . .  d b 
Decadienamine -- L L --  c,e 
t,t,2,4-Decadienal S . . . .  a a 
4-Hexylpyridine --- M --- d b 
2-Nonylpyridine VL ~-- -- d b 
Ethyl dodecanoate --- L --- a a 
N-Isobutyloctanamide VL M M -- b 

~ Agreed with authentic compound. 
cAgreed with literature references. 
cllnterpretation only. 
eAgreed with expected GC retention relative to other homologs. 
Confirmed by hydrogenation and GC/MS of saturated compound. 

S,M,L - relative peak size, small, medium, large. 

H H H H  H 
HN: + O~C-C-C-CmC-(CH2)4CH 3 

Hit-CH "CH- CH" CH, CH" ICH214CH 3 

1 
Leaf 
/ 

R 

HH 
HN ~ C'CXcH 

' I I 
CH--CH 
I 
R 

1 
~c--  c% 

N C 
\ / 

C ~ C  
/ 
(CH214CH s 

Sch~f bose 

dihydropridine 

2-  pentylpyridine 

FIG. 2. Formation of  aikylpyridines.  

A lO-carbon nitrile c o m p o u n d  was tcnta t ively  ident i f ied 
f rom the in terac t ion  of  linolcic acid and valinc. This compo-  
nen t  was t rapped  and reacted with 5% ferric chloride hcxa- 
hydra te  in e thanol ,  1 M hydroxy l  a m m o n i u m  chloride in 
p ropy lene  glycol and 1 M potass ium hyd rox idc  in p ropy lenc  
glycol. A wine rcd color  was observed which indicates a 
posit ive test  for nitriles. Af te r  react ion,  the mix ture  was in- 
jec ted  on to  a Carbowax  column and an earlier re ten t ion  
t imc was observed for this peak than for the original t rapped  
unrcac ted  comp()und.  This is cons i s ten t  with the reduct ion  
of  thc nitrile t o ' a n  amine.  Thc mass spec t rum of this com- 
p o u n d  has a base peak at m/c  57, p rcsumably  due to a-cleav- 
age of  a butyl  group f rom the parent  molcculc .  The second 
mos t  in tense  f ragment  occurs at m/e  43. Al though the mo- 
lecular ion at m/e  153 is no t  discernible,  a f ragment  at m/c  
156 does occur.  Under  our cond i t ions  of  analysis, an authen-  
tic sample of  decancni t r i le  also showed  a f ragment  at m/c  
156. I lowevcr,  the re ten t ion  t ime of  this c o m p o u n d  was 
shor te r  than that  observed for decaneni t r i lc .  This may be 
due to b ranching  in the alkyl moie ty .  A possible route  for 
the fo rmat ion  of  nitriles is through cleavage of  thc pyridine 
rings (6). In spite o f  the inert  charac ter  of  the pyridinc ring 
with respcct  to spli t t ing,  there arc cond i t ions  under  which 

c . , - c .  �9 - 

\ I \ 
CH 3 H 

CH 3 [ 
CH 2 
I 

C-Oi /CH3 

N -  CH 2 "CH 
\CH 3 CIt 5" CH 2" CH Q 

i 
I 
N - -  CH.,  - 

. /  
CH 3- CH 2- CH 2 

CH 3 

Schiff bose 
intermediote 

J o 
"CH3CH2" ~OH 

/CH 3 
CH 

% 

FIG. 3. Formation of  the tertiary amide. 
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the ring is destroyed.  In almost  every such cleavage, this ring 
opening takes place at the ni t rogen a tom (13). A nitrile 
could also be fo rmed  via a piperidine in te rmedia te  in which 
the ring is more  easily cleaved. 
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�9 Gas Chromatographic Method for the Assessment 

of Used Frying Oils: Comparison with Other Methods 1 
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ABSTRACT 

The application of a simple and rapid method, based on gas chroma- 
tographic measurement of dimer triglycerides, is proposed for evalu- 
ation of the quality of used frying oils. The technique involves com- 
plete conversion of the oil to its methyl esters followed by analysis 
on a short column packed with 3% JXR. Parameters are adjusted to 
provide a pattern in which the dimeric esters emerge as a doublet 
peak with a retention time of ca. 3 rain, whereas all other monomeric 
esters elute with the solvent peak. The relative heights of the two 
components of the doublet peak appear to reverse as the frying time 
is increased. The test correlated well with changes in dielectric con- 
stant measurements, as well as with "altered triglycerides" in contin- 
uously heated corn oil. 

INTRODUCTION 

The food  industry requires simple object ive me thods  to assess 
frying oil qual i ty  during the progression of  a frying operat ion.  
An obvious economic  advantage is the abili ty to de te rmine  
the appropr ia te  po in t  at which the frying oil is no longer  suit- 
able for use. On the o ther  hand, regulatory author i t ies  are 
interested in m e t h o d o l o g y  which can be used to enforce  
proper  usage of  frying fats. 

During frying, decompos i t ion  products ,  both  volat i le  and 
nonvolat i le ,  are formed.  The higher molecu la r  weight  com- 
pounds  are more  reliable indicators  o f  frying oil abuse in 
view of  their  s teady fo rmat ion  and low volati l i ty.  

Gui l laumin (1) reports  procedures  for  GLC analysis of  
cyclic m o n o m e r s  in heated  fats. The procedures  call for con- 
version of  the fat to its methy l  esters which are then hy- 
drogenated to prevent  overlapping with the  18:2 fa t ty  acid 
esters. Perkins et al. (2) used gel permeat ion  ch romatography  
to fo l low the deve lopmen t  of  po lymer ic  tr iglycerides in 
corn oil used for po ta to  frying. Ai tze tmul le r  (3) used high 
pressure l iquid ch romatography  to isolate oxy- t r ig lycer ide  
dimers f rom nonpolar  dimers in used fats. These methods ,  

Presented at the IFS/AOCS World Congress, New York, April 
1980. 

however ,  are relatively expensive and /o r  t ime consuming.  
Several me thods  of  a s impler  nature  have been recent ly  

in t roduced.  These include co lumn c h r o m a t o g r a p h y  (4) and 
dielectric cons tan t  measu remen t  (5). In this work,  a s imple 
and rapid gas ch romatograph ic  m e t h o d  for t r iglycer ide dim- 
ers is in t roduced .  First,  it was desired to evaluate  the per- 
fo rmance  of  this GLC m e t h o d  as a m o n i t o r  of  oil usage. For  
the purpose  of  compar ison ,  the co lumn m e t h o d  descr ibed 
by Billek et al. (6) and the dielectric cons tan t  m e t h o d  used 
by Fri tsch et al. (5) were used. 

EXPERIMENTAL PROCEDURES 

Materials 

"Swee t -L i f e "  corn oil (Sweet  Life Corp. ,  Suffield,  CT) was 
purchased at a local store. It was s tored be low 10 C and used 
as purchased w i thou t  fur ther  t rea tment .  Refe rence  com- 
pounds  were of  the highest  available pur i ty  f rom commerc ia l  
sources. High pur i ty  d imer  and t r imer  acids were ob ta ined  
cour tesy  o f  Emery  Industries,  Cincinnati ,  Ott .  Be13 /me tha -  
nol (10% w/v)  was purchased f rom Appl ied Science Labora- 
tories,  State  College, PA. Silica Gel G 7 0 - 2 3 0  mesh (ASTM) 
" f o r  Co lumn C h r o m a t o g r a p h y "  was suppl ied by E. Merck 
Darmstadt ,  Germany .  GLC columns  were packed with pre- 
tested 3% J X R  (a me thy l  sil icone) on Gas Chrorn Q 100 /200  
mesh as supplied by Appl ied  Science Laborator ies .  Two  
forms of  Silica Gel G. (with binder),  " accord ing  to S tah l "  
were used for  TLC. One form,  for  hand-coa ted  prepara t ive  
TLC plates, was purchased f rom Analabs Inc., Nor th  l taven,  
CT. The  o ther  form,  suppl ied by E. Merck, con ta ined  a 
s t ronger  binder  and was p recoa ted  on to  20 x 20 cm glass 
plates. Amber l i t e  IRA-400  ion exchange  resin was purchased 
f rom Mal l inckrodt  Chemicals ,  St. Louis,  MO. 

Thin Layer Chromatography 

The plates were act ivated by heat ing at 110 C for  1 hr. They  
were cooled  to room tempera tu re  in a drying chamber  con- 
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